METHODS AND APPARATUS FOR THERMALLY BONDING LUBRICANT 
TO A DISK SURFACE WITH USE OF A HEATING ELEMENT FORMED 

IN A MAGNETIC HEAD 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to disks and disk drives, and more particularly to 
methods and apparatus for thermally bonding lubricant to a disk with use of a heat source 
at an air bearing surface (ABS) of a magnetic head. 

10 

2. Description of the Related Art 

A write head is typically combined with a magnetoresistive (MR) or giant 
magnetoresistive (GMR) read head to form a magnetic recording head, certain elements 
of which are exposed at an ah- bearing surface (ABS). The write head comprises first and 

15 second pole pieces connected at a back gap that is recessed fi"om the ABS. The first and 
second pole pieces terminate at the ABS where they define first and second pole tips, 
respectively. An insulation stack, which comprises a plurality of insulation layers, is 
sandwiched between the first and second pole pieces, and a coil layer is embedded in the 
insulation stack. A processing circuit is connected to the coil layer for conducting write 

20 current through the coil layer which, in turn, induces magnetic write fields in the first and 
second pole pieces. 

A non-magnetic gap layer is sandwiched between the first and second pole tips. 

Write fields of the first and second pole tips at the ABS "fiinge" across the gap layer. In 

a magnetic disk drive, a magnetic disk is rotated adjacent to, and a short distance (fly 
25 height) fi-om, the ABS so that the write fields magnetize the disk along circular tracks. 

The written circular tracks then contain information in the form of magnetized segments 

with fields detectable by the MR or GMR read head. 

One or more heads may be employed in a magnetic disk drive for reading and 

writing information on circular tracks of a rotating disk. A magnetic recording head is 
30 mounted on a slider that is carried on a suspension. The suspension is mounted to an 
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actuator v/ldch places the magnetic head to locations corresponding to desired tracks. As 
the disk rotates, an air layer (an "air bearing") is generated between the rotating disk and 
an air bearing surface (ABS) of the slider. A force of the air bearing against the air 
bearing surface is opposed by an opposite loading force of the suspension, causing the 
5 magnetic head to be suspended a slight distance (i.e. its fly height) from the surface of the 
disk. 

It is generally desirable to minimize the fly height of a magnetic head. With 
lower fly heights between the magnetic head and the disk, however, there is an increasing 
rate of intermittent contacts between the head and the disk. This may resuk in damage to 

10 the disk sur&ce. To mitigate these problems, lubricants are often coated on the disk 
surfece during manufacturing. After the disk surface is coated with the lubricant, it is 
typically heated in an oven to help "bond" the lubricant to the disk surface. This bond 
may be made through physical absorption such that the lubricant attaches to carbon on 
the disk surface. After this process, a large amount of the lubricant (e.g. close to 100%) 

15 may be bonded to the disk surface. 

In time, however, some of the lubricant will debond from the disk surface 
depending on particular environmental conditions such as humidity. The debonding 
process creates what may be generally referred to as "mobile" lubricant. After such 
debonding, there may be between 20 - 50% mobile lubricant on the disk surface. Mobile 

20 lubricant is indeed mobile and moves across the disk surface, creating differences in 
lubricant thickness from the inner diameter (ID) to the outer diameter (OD) of the disk. 
In particular, air shear forces due to disk rotation and interaction with the slider push the 
mobile lubricant from the ID to the OD, creating a much thicker lubricant at the OD than 
the ID. Eventually, the excess mobile lubricant may be spun off of the disk surface and 

25 become too thin or depleted on the disk surface to be effective. 

Thus, although the disk is coated and bonded with lubricant during manufacture 
to protect it from the intermittent contact with the head, the lubricant may be depleted 
from the disk surface during operation of the drive. Because of these problems, several 
types of lubricant reservoir systems have been disclosed as a means for continuously 
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maintaining a lubricant film on the disk during operation. Use of such lubricant 
reservoirs, however, may provide too much mobile lubricant than needed. If the mobile 
lubricant becomes too thick on the disk surface, it may cause oscillating write errors or 
oscillating thermal erasures. If the excess mobile lubricant is spun ofiFthe disk surface, 
the lubricant may be picked up by the slider and there may be an undesirable slider-to- 
disk bridging. 

Accordingly, what are needed are improved methods and apparatus for bonding 
lubricants to the surfaces of magnetic disks. 

SUMMARY 

A method of bonding lubricant to a surface of a magnetic disk in a disk drive 
involves providing a heat source at an air bearing surface (ABS) of a magnetic head; 
causing the heat source to be energized to produce heat; and causing the magnetic head to 
be moved across a surface portion of a magnetic disk so that lubricant is thermally 
bonded to the surface portion fi-om the heat provided by the heat source. Preferably, this 
lubricant bonding mode of operation of the disk drive is performed on a regular or 
periodic basis. Alternatively, the mode is activated based on a predetermined 
environmental condition (e.g. temperature or humidity) or an external signal. 

In a first embodiment, the heat source is comprised of first and/or second pole 
pieces of the magnetic head through which an electrical current is passed. In a second 
embodiment, the heat source is comprised of a separate heating element which is formed 
on or within the magnetic head. In this second embodiment, the heating element may be 
the same heating element that is utilized for thermal-assist writing to the magnetic disk. 
In a third embodiment, heat is generated by reading data fi-om a data block on the disk 
and writing the data back to the data block in a repetitive fashion. 



HSJ9-200S-0117US2 - GILLISETAL. 3 



BRIEF DESCRIPTION OF THE DRAWINGS 
For a fiiUer understanding of the nature and advantages of the present invention, 
as well as the preferred mode of use, reference should be made to the following detailed 
description read in conjunction with the accompanying drawings: 
5 FIG. 1 is a plan view of an exemplary magnetic disk drive; 

FIG. 2 is an end view of a slider with a magnetic head of the disk drive as seen in 
plane 2-2 of FIG. 1; 

FIG. 3 is an elevation view of the magnetic disk drive wherein multiple disks and 
magnetic heads are employed; 
10 FIG. 4 is an isometric illustration of an exemplary suspension system for 

supporting the slider and magnetic head; 

FIG. 5 is an ABS view of the magnetic head taken along plane 5-5 of FIG. 2; 

FIG. 6 is a partial view of the slider and a merged magnetic head as seen in plane 
6-6 of FIG. 2; 

15 FIG. 7 is a partial ABS view of the slider taken along plane 7-7 of FIG. 6 to show 

the read and write elements of the merged magnetic head; 

FIG. 8 is a view taken along plane 8-8 of FIG. 6 with all material above the coil 
layer and leads removed; 

FIG. 9 is another partial view of the slider and a merged magnetic head in an 
20 alternate embodiment; 

FIG. 10 is another partial ABS view of the slider in the alternate embodiment of 

FIG. 9; 

FIG. 11 is a simplified illustration of the magnetic head having a heat source for 
thefnially bonding lubricant to a magnetic disk; 
25 FIG. 12 is a flowchart which describes a general technique of operatmg a 

magnetic disk drive which includes a lubricant bonding mode of operation; and 

FIG. 13 is a flowchart which describes a method of performing lubricant bonding 
on a disk by repetitively writing data to the disk. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The following description is the best embodiment presently contemplated for 
carrying out the present invention. This description is made for the purpose of illustrating 
the general principles of the present invention and is not meant to limit the inventive 

5 concepts claimed herein. 

Magnetic Disk Drive. Referring now to the drawings wherein like reference 
numerals designate like or similar parts throughout the several views, FIGS. 1-3 illustrate 
a magnetic disk drive 30. Disk drive 30 includes a spindle 32 that supports and rotates a 
magnetic disk 34. Spindle 32 is rotated by a spindle motor 36 that is controlled by a 

10 motor controller 38. A slider 42 includes a combined read and write magnetic head 40 
and is supported by a suspension 44 and actuator arm 46 that is rotatably positioned by an 
actuator 47. A plurality of disks, sliders, and suspensions may be employed in a large 
capacity direct access storage device (DASD) as shown in FIG. 3. Suspension 44 and 
actuator arm 46 are moved by actuator 47 to position slider 42 so that magnetic head 40 

IS is in a transducing relationship with a surface of magnetic disk 34. When disk 34 is 
rotated by spindle motor 36, slider 42 is supported on a thin (typically 5- 10 nm) cushion 
of air (air bearing) between the surface of disk 34 and an air bearing surface (ABS) 48. 
Magnetic head 40 may then be employed for writing information to multiple circular 
tracks on the surface of disk 34, as well as for reading information therefrom. Processing 

20 circuitry 50 exchanges signals, representing such information, with head 40, provides 
spindle motor drive signals for rotating magnetic disk 34, and provides control signals to 
actuator 47 for moving slider 42 to various tracks. In FIG. 4, slider 42 is shown mounted 
to a suspension 44. The components described hereinabove may be mounted on a frame 
54 of a housing 55, as shown in FIG. 3. FIG. 5 is an ABS view of slider 42 and magnetic 

25 head 40. Slider 42 has a center rail 56 that supports magnetic head 40, and side rails 58 
and 60. Rails 56, 58 and 60 extend from a cross rail 62. With respect to rotation of 
magnetic disk 34, cross rail 62 is at a leading edge 64 of slider 42 and magnetic head 40 
is at a trailing edge 66 of slider 42. 
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FIG. 6 is a side cross-sectional elevation view of a merged magnetic head 40, 
which includes a write head portion 70 and a read head portion 72. Read head portion 72 
includes a giant magnetoresistive (GMR) read head which utilizes a spin valve sensor 74 
of the present invention. FIG. 7 is an ABS view of FIG. 6. Spin valve sensor 74 is 

5 sandwiched between nonmagnetic electrically insulative first and second read gap layers 
76 and 78, and read gap layers 76 and 78 are sandwiched between ferromagnetic first and 
second shield layers 80 and 82. In response to external magnetic fields, the resistance of 
spin valve sensor 74 changes. A sense current Is conducted through the sensor causes 
these resistance changes to be manifested as potential changes. These potential changes 

10 are then processed as readback signals by processing circuitry 50 shown in FIG. 3. 

Write head portion 70 of magnetic head 40 includes a coil layer 84 sandwiched 
between first and second insulation layers 86 and 88. A third insulation layer 90 may be 
employed for planarizing the head to eliminate ripples in the second insulation layer 
caused by coil layer 84. The first, second and third insulation layers are referred to in the 

15 art as an "insulation stack". Coil layer 84 and first, second and third insulation layers 86, 
88 and 90 are sandwiched between first and second pole piece layers 92 and 94. First and 
second pole piece layers 92 and 94 are magnetically coupled at a back gap 96 and have 
first and second pole tips 98 and 100 which are separated by a write gap layer 102 at the 
ABS. Since second shield layer 82 and first pole piece layer 92 are a common layer, this 

20 head is known as a merged head. In a piggyback head an insulation layer is located 
between a second shield layer and a first pole piece layer. As shown in FIGs. 2 and 4, 
first and second solder connections 104 and 106 connect leads fi'om spin valve sensor 74 
to leads 112 and 114 on suspension 44, and third and fourth solder connections 116 and 
118 connect leads 120 and 122 fi'om the coil 84 (see FIG. 8) to leads 124 and 126 on 

25 suspension 44. 

According to the present application, magnetic head 40 also includes a heat 
source for thermally bonding lubricant to a surface of disks in disk drive 30. This heat 
source may be referred to as a lubricant bonding heat source. Preferably, the heat source 
is provided at ABS 48 of magnetic head 40. At an appropriate time, the heat source is 
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energized to produce heat and magnetic head 40 is moved across a surface portion of 
magnetic disk 34 so that the lubricant is thermally bonded to the surface portion from the 
heat produced by the heat source. 

Heat Source Comprised of One or More Pole Pieces of the Magnetic Head . In a 
5 first embodiment, the heat source is comprised of first and/or second pole pieces of 
magnetic head 40. In FIGs. 6 and 7, for example, first and/or second pole pieces 92 and 
94 of write head 70 form a heat source 10 for thermal bonding lubricant to disk 34. 
Electrical current is provided through first and/or second pole pieces 92 and 94 which 
raises the temperature at pole tips 98 and 100. The electrical current may be provided 

10 from a heater driver circuit 150 (visible in FIG. 7 only) which is coupled to first and/or 
second pole pieces 92 and 94 through electrical connections 152 (visible in FIG. 7 only) 
formed through magnetic head 40. In the example of FIG. 7, it is shown that electrical 
connections 152 are specifically coupled to first pole piece 92. Electrical connections 
150 may be made of a conductive material, such as platinum or an alloy of nickel. 

15 Heater driver circuit 150 may include conventional circuitry such as CMOS logic 

devices, bi-polar devices, and amplifiers. As specific examples, heater driver circuit 150 
may utilize an alternating current (AC) cu-cuit or a bimodal current driver to avoid 
electron migration and device degradation. On the other hand, direct current (DC) may 
be provided to drive heat source 10. In alternative embodiments, a pre-existing circuit of 

20 the disk drive is utilized as the heater driver circuit 150 to reduce the need for additional 
circuitry. As an example, heater driver circuit 150 may be a secondary use of the write 
coil driver which drives a supply current to heat source 10. As another example, the heat 
source may be connected to disk motor 36 or motor controller 38 of FIG. 3. This disk 
motor can serve as a current or voltage source that drives the heater if the power 

25 requirements are substantial. This assumes that the power of the heater is small (e.g. less 
than 10%) for the disk motor during operation. Preferably, heater driver circuit 150 is not 
exposed on the outside of magnetic head 40 but is contained at a location away 
therefrom. For example, heater driver circuit 150 may be included in the same area 
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where arm electronics (AE) of disk drive 30 are located, or on the circuit board card 
attached to the base of disk drive 30. 

Heat Source Comprised of Separate Heating Element in the Magnetic Head . In a 
second embodiment, the heat source is a separate heating element which is formed on or 
5 within magnetic head 40. Referring to FIGs. 9 and 10, a separate heating element 902 is 
shown formed within magnetic head 40. More specifically, heating element 902 is 
formed between first pole piece 92 and a first PI pedestal 904 ("PIP")- Thin dielectric 
insulator materials (visible in FIG. 10 only) isolate heating element 902 fi-om first pole 
piece 92 and first PI pedestal 904. Preferably, heating element 902 is an electrically 

10 resistive heater (i.e. a resistive infared radiator) which rises in temperature when an 
electrical current flows through it. Heating element 902 is made of a suitable conductive 
material, preferably a metal or metal alloy, which may be formed within magnetic head 
40 by conventional sputter deposition and etching techniques. For example, heating 
element 902 may be made of sputter-deposited tantalum. Alternatively, heating element 

15 902 may be made of a NICHROME™ material which is basically an alloy of nickel and 
chromium. NICHROME™ is a registered trademark of the Driver-Harris Company. 

Heating element 902 has a high resistance, preferably between about 25 and 250 
ohms, which does not vary significantly when energized. When energized, heating 
element 902 heats up to a steady-state temperature of between about 25 - 250^ Celsius. 

20 For example, heating element 902 may have a predetermined steady state temperature of 
120^ Celsius when data is being written. Also, the heating element may have a power 
dissipation of between about 10 - 140 milliwatts, or more particularly a power dissipation 
of about 70 milliwatts. 

Electrical connections 1002 (FIG. 10 only) are for coupling heating element to a 

25 heater driver cu^cuit 1004 (visible in FIG. 10 only). Electrical connections 1002 may also 

be made of a conductive material, such as platinum or an alloy of nickel. Heater driver 

circuit 1004 may include conventional circuitry such as CMOS logic devices, bi-polar 

devices, and amplifiers. As specific examples, heater driver circuit 1004 may utilize an 

alternating current (AC) circuit or a bimodal current driver to avoid electron migration 
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and device degradation. On the other hand, direct current (DC) may be provided to drive 
heating element 902. In alternative embodiments, a pre-existing circuit of the disk drive 
is utilized as the heater driver circuit 1004 to reduce the need for additional circuitry. As 
an example, heater driver circuit 1004 may be a secondary use of the write coil driver 
which drives a supply current to heating element 902. As another example, heating 
element 902 may be connected to disk motor 36 or motor controller 38 of FIG. 3. This 
disk motor can serve as a current or voltage source that drives the heater if the power 
requirements are substantial. This assumes that the power of the heater is small (e.g. less 
than 10%) for the disk motor during operation. Preferably, heater driver circuit 1004 is 
not exposed on the outside of magnetic head 40 but is contained at a location away 
therefrom. For example, heater driver circuit 1004 may be included in the same area 
where arm electronics (AE) of disk drive 30 are located, or on the circuit board card 
attached to the base of disk drive 30. 

Dual-Use Of Heating Element for Thermal-Assist Writing . Thermal-assist 
recording is a known technique for writing data to a magnetic disk having a high 
coercivity. In the present state-of-the-art, a conventional magnetic disk has a coercivity 
of between about 2000 and 4000 Oersteds at typical operating temperatures and can store 
between about 1 Gb/in^ and 60 Gb/in^ of data. On the other hand, disks utilized in 
connection with thermal-assist heating have relatively higher coercivities, between about 
4000 and 10000 Oersteds at typical operating temperatures. These disks can store a 
larger amount of data, between about 80 Gb/in^ and 500 Gb/in^ of data. The basic 
relationship between media coercivity He and temperature is that coercivity decreases as 
the temperature increases. For such a high coercivity disk to be written to, a writable 
portion of the disk is heated to lower its coercivity. For example, the disk may be heated 
to between about 80 - 300*^ Celsius to lower its coercivity to between about 2000 and 
6000 Oersteds. Note that the coercivities and storage capacities just described are merely 
those which are suitable values at the present time and may change in the future. 

In the present application, heating element 902 of FIG. 9 is not only used for 

thermally bonding lubricant to the disk but is also used to provide the heat to lower the 
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disk's coercivity during the write mode of operation. Heating element 902 is positioned 
on magnetic head 40 such that it is aligned with pole tips so that heat can be thermally 
transferred to a writable portion of magnetic disk 34 before data is written to it. When 
energized, heating element 902 causes a portion of magnetic disk 34 to be heated through 

5 radiation or conduction (thermal contact) and it will remain at an elevated temperature 
when being written to. By heating up the disk portion, the bits therein are made writable 
such that magnetic head 40 can write data thereto. (Referring ahead to the flowchart of 
FIG. 12, heat source 902 of FIGs. 9-10 is utilized in a write mode of operation for 
thermal-assist writing to the disk in step 1208 and utilized in a lubricant bonding mode of 

10 operation for thermally bonding lubricant to the disk in step 1212.) 

For thermal-assist writing, heating element 902 has the same construction as 
described above for lubricant bonding. The exact location of heating element 902 may 
vary, and it may be alternatively formed within magnetic head 40 where it is not exposed 
at ABS 48. Heating element 902 has a high resistance, preferably between about 25 and 

15 250 ohms, which does not vary significantly when energized. When energized, heating 
element 902 heats up to a steady-state temperature of between about 80 - 400*^ Celsius. 
For example, heating element 902 may have a predetermined steady state temperature of 
150^ Celsius when data is being written. Also, the heating element may have a power 
dissipation of between about 5-20 milliwatts, or more particularly a power dissipation 

20 of about 10 milliwatts. Heater driver circuit 1004, described earlier above, may 
sufiTiciently drive heating element 902 as required. 

General Techniques of Thermal Lubricant Bonding in a Disk Drive . As 
described, magnetic head 40 includes a heat source for thermally bonding lubricant to a 
surface of disks in disk drive 30. This heat source may be referred to as a lubricant 

25 bonding heat source. Referring to FIG. 11, a simplified illustration of magnetic head 40 
having heat source 10 at the ABS for thermally bonding a lubricant film 1102 to 
magnetic disk 34 is shown. Prior to employing heat source 10 to magnetic disk 34, 
lubricant 1102 may be referred to as "mobile" lubricant. At an appropriate time, heat 
source 10 is energized to produce heat and magnetic head 40 is moved across a surface 
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portion of magnetic disk 34 so that lubricant 1102 is thermally bonded to the surface 
portion from the heat produced by heat source 10. In particular, the heat causes lubricant 
1 102 to attach to carbon on the surface of magnetic disk 34 through physical absorption. 
Once bonded, lubricant 1 102 is no longer "mobile" but is indeed bonded to magnetic disk 
5 34. 

The lubricant 1102 utilized may be, as examples, ZDOL-2000, ZDOL-4000, 
ZTETRAOL-2000, A20H, etc. Preferably, lubricant 1102 of FIG. 11 is received and 
collected from a lubricant reservoir 12 in the disk drive of FIG. 3. Lubricant reservoir 12 
continually supplies lubricant on magnetic disk 34. Continual conventional application 

10 of such lubricant tends to provide excessive mobile lubricant on the surface of disk 34. If 
the lubricant becomes too thick, it may cause oscillating write errors or oscillating 
thermal erasures. If the excess lubricant is spun off the surface of disk 34, the lubricant 
may be picked up by the slider which may cause an undesirable slider-to-disk bridging. 
With the thermal bonding techniques of the present application, however, this problem is 

IS alleviated if not eliminated. Lubricant which is continually provided from lubricant 
reservoir 12 is thermally bonded to disk 34 with use of the heat source as described. 

FIG. 12 is a flowchart which describes a technique of operating a magnetic disk 
drive which includes a lubricant bonding mode of operation. This technique is performed 
by processing circuitry in the disk drive which may include memory or a data storage 

20 medium (e.g. ROM, EEPROM, or Flash memory) for storing computer instructions 
which execute the technique with a controller or processor (e.g. a microprocessor). In the 
following description, FIG. 12 will be referred to in combination with FIG. 11. 

Beginning at a start block 1202 of FIG. 12, a disk drive is in an idle mode of 
operation (step 1204) where little or no significant activity occurs (e.g. no reading or 

25 writing of data with magnetic head 40). If a read or write process is required at step 
1206, then the disk drive causes magnetic head 40 to read or write data from or to 
magnetic disk 34 as is conventional (step 1208). This may be referred to as a read or 
write mode of operation of the disk drive. Once the read or write process is completed, 
the disk drive reverts back to the idle mode in step 1204. 
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If no read or write process is required at step 1206 of FIG. 12, the disk drive 
identifies whether lubricant bonding for disk 34 is required (step 1210). If lubricant 
bonding is required at step 1210, then the disk drive enters into a lubricant bonding mode 
of operation at step 1212. In the lubricant bonding mode of operation of step 1212, the 

5 disk drive causes heat source 10 to be energized to produce heat while magnetic head 40 
is moved across at least a portion of the surface of magnetic disk 34. Heat source 10 is 
moved and applied continuously and evenly over the surface portion of disk 34. The heat 
produced by heat source 10 and the time over which it is applied over the surface portion 
of disk 34 is suflTicient to thermally bond lubricant 1102 to the surface portion. In 

10 particular, the heat causes lubricant 1 102 to attach to carbon on the disk surface through 
physical absorption. Once the lubricant bonding process is completed, the disk drive 
reverts back to the idle mode in step 1204 and the technique repeats. 

Preferably, the lubricant bonding is performed over a substantial surface portion 
of magnetic disk 34. In one embodiment, the lubricant bonding process is performed 

15 over the entire surface area of disk 34. The entire surface may be bonded in a single 
lubricant bonding "sweep" or, alternatively, in a plurality of bonding "sweeps" performed 
at regular or periodic intervals (e.g. 2-20 sweeps which together bond the entire surface, 
each sweep occurring periodically, e.g. once per week or bimonthly). At a minimum, it is 
preferred that the lubricant bonding process be performed over at least 10% of the surface 

20 area of disk 34. For example, the surface area over which lubricant 1 102 is bonded may 
include the inner diameter (ID) or the outer diameter (OD) of disk 34 (e.g. to cover at 
least 10% of the disk surface). Mobile lubricant 1102 tends to move across the disk 
surface from the ID to the OD due to air shear forces during disk rotation, creating a 
much thicker lubricant at the OD than the ID. Thus, it is advantageous to perform the 

25 thermal bonding process at least at the ID to retain lubricant. 

The length of time it takes to perform the lubricant bonding depends on the size of 
the surface area of disk 34 to be bonded, the average temperature of heat source 10, and 
the average speed at which heat source 10 is moved across the di§k 34. The average 
temperature of heat source 10 may vary from between about 25 - 250° Celsius. The 
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average speed of heat source 10 may vary from between about 1-50 meters/second. It is 
preferable to maintain heat source 10 with a relatively low temperature of betwera about 
85 - 120° with a speed of between about 1-50 meters/second. 

As previously described, the disk drive identifies whether lubricant bonding is 
required in step 1210 of FIG. 12. It is desirable that any suitable event trigger this 
lubricant bonding process. In one embodiment, the bonding process is a time-triggered, 
regular or periodic process. For example, the bonding process may be invoked once 
every day, once every week, once every month, or once every year. Thus, the bonding 
process may be triggered in response to an expiration of a predetermined time period. In 
this case, processing circuitry (e.g. processing circuitry 50 of FIG. 3) utilizes a clocked 
timer to invoke the lubricant bonding process in a regular or periodic fashion. In another 
embodiment, the lubricant bonding process is triggered in response to a predetermined 
environmental condition. As examples, the bonding process may be invoked in response 
to a predetermined temperature or humidity condition. In this case, the disk drive may 
include one or more sensors such as a sensor 14 of FIG. 3 which is coupled to processing 
circuitry 50. Sensor 14 may be a temperature sensor or a humidity sensor. The condition 
which causes the triggering may be, for example, a humidity condition of greater than 
50% relative humidity. In yet another embodiment, the lubricant bonding process is 
triggered in response to a predetermined signal from an external source. For example, the 
bonding process may be invoked in response to a user input or application on a personal 
computer (PC). Such a signal is provided to processing circuitry 50 of FIG. 3. In even 
another embodiment, some or all of the above-described trigger events may be utilized in 
combination in the disk drive. 

Lubricant Bonding bv Repetitive Writing to the Magnetic Disk . SuflBcient heat 
may be produced for lubricant bonding by repetitively writing data to the magnetic disk. 
This does not require any new elements in the magnetic head or the disk drive other than 
modified software control. FIG. 13 is a flowchart which describes an example of such a 
method. This technique is performed by processing circuitry in the disk drive which may 
include memory or a data storage medium (e.g. ROM, EEPROM, or Flash memory) for 
HSJ9-2003-0117US2 - GILUSETAL. 13 



storing computer instructions which execute the technique with a controller or processor 
(e.g. a microprocessor). 

Beginning at a start block 1302 of FIG. 13, the disk drive enters into a lubricant 
bonding mode of operation (e.g. step 1212 of FIG. 12). The disk drive controls the 

5 magnetic head to read a block of data from the disk and stores this data in memory of the 
disk drive (step 1304). This block of data may be any suitable length. For example, the 
data that is read and stored may be data from (at least) a single disk track. Next, the 
block of data is then written back to the disk at the same location (step 1306). So long as 
the number of write repetitions N has not been reached as tested in step 1308, this writing 

10 of data is continuously repeated at step 1306 at the same disk location to generate heat for 
lubricant bonding. 

The number of write repetitions N at step 1308 may be determined in advance 
(e.g. empirically) in the design and/or manufacturing phase of the disk drive to correlate 
N with some predetermined temperature, temperature range, or temperature increase at 

15 the disk location. The number of write repetitions may vary from, for example, between 
10-100; however it is understood that a larger number (e.g. lOOO's) of write repetitions N 
may be required or perhaps even a smaller number. Alternatively, if real-time 
temperature is monitored at the disk location then the repetitive writing may terminate 
when the temperature reaches a predetermined threshold or a predetermined threshold 

20 over some predetermined time period. The number of N writing repetitions and/or the 
length of time it takes to perform the lubricant bonding depends on the size of the surface 
area of the disk to be repetitively written/bonded, the average temperature of the heat 
produced by the repetitive writing, and the average frequency at which the repetitive 
writing is performed. The average temperature of heat produced by the writing process 

25 may vary from between about 25 - 250° Celsius; however it is preferable to maintain the 
writing process at a relatively low temperature of between about 85 - 120° Celsius. 

If the data has been written N times as tested in step 1308 (or another suitable 
signal has been detected), then the disk drive tests whether there are more disk 
locations/data blocks at which to perform lubricant bonding (step 1310). If there are an 
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additional M disk locations at which to perform lubricant bonding at step 1310, then the 
technique repeats steps 1304-1308 at the new disk location M-1 more times. If there are 
no additional disk locations at which to perform lubricant bonding as tested at step 1310, 
then the lubricant bonding mode is completed and the flowchart ends at a finished block 
1312. 

In one example, the technique continually repeats fi-om step 1310 so that the 
entire disk surface has been bonded. In another example, the technique continually 
repeats fi-om step 1310 until at least 10% of the disk surface has been bonded. In even 
another example, the technique continually repeats fi-om step 1310 so that at least a 
portion of the disk surface (e.g. the ID or OD) has been bonded. Today's magnetic disks 
are produced with between about 30,000 - 50,000 disk tracks so, if a single disk track is 
utilized for each write process in step 1306, then M additional disk locations may be on 
the order of (or exceed) 100, 1000, or 10,000 disk tracks. 

Final Conmients . Thus, methods and apparatus for thermally bonding lubricant to 
a surface of a magnetic disk in a disk drive have been described. One method involves 
providing a heat source at an air bearing surface (ABS) of a magnetic head; causing the 
heat source to be energized to produce heat; and causing the magnetic head to be moved 
across a surface portion of a magnetic disk so that lubricant is thermally bonded to the 
surface portion from the heat produced by the heat source. Preferably, the heat source 
comprises one or more pole pieces of the magnetic head. The one or more pole pieces 
may be coupled to a heater driver circuit through electrical conductors which provides an 
electrical current (AC or DC) therethrough for producing the heat. A computer program 
product of the present invention includes a data storage medium and computer 
instructions stored in the data storage medium which are executable on a processor for 
causing a heat source at an air bearing surface (ABS) of a magnetic head to be energized 
to produce heat; and causing the magnetic head to be moved across a surface portion of a 
magnetic disk so that lubricant is thermally bonded to the surface portion from the heat 
produced by the heat source. A disk drive of the present invention includes a housing; a 
magnetic disk rotatably supported in the housing; a magnetic head assembly which 
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includes a magnetic head; a support mounted in the housing which supports the magnetic 
head assembly so as to be in a transducing relationship with the magnetic disk; a spindle 
motor which rotates the magnetic disk; an actuator positioning device connected to the 
support which moves the magnetic head assembly to multiple positions with respect to 
the magnetic disk; a processor connected to the magnetic head assembly and to the 
actuator; the processor being operative to exchange signals with and control the position 
of the magnetic head assembly; a heat source on the magnetic head assembly; and a 
driver circuit coupled to the heat source. The disk drive has a read/write mode of 
operation during which data is read from/written to the magnetic disk. The disk drive 
also has a lubricant bonding mode of operation during which the driver circuit is 
operative to cause the heat source to be heated and the processor is operative to control 
the position of the magnetic head assembly so the heat source heats a surface portion of 
the magnetic disk so that lubricant is bonded to the surface portion. Preferably, the heat 
source comprises one or more pole pieces of the magnetic head. The one or more pole 
pieces may be coupled to a heater driver circuit through electrical conductors which 
provides an electrical current (AC or DC) therethrough for producing the heat. 

In other inventive aspects of the present application, a magnetic head includes 
first and second pole pieces; a write gap formed between the first and the second pole 
pieces; and a separate heating element formed in the magnetic head which produces heat 
at an air bearing surface (ABS) for thermally bonding lubricant over at least a portion of a 
surface of a magnetic disk. An associated method for this inventive aspect includes the 
acts of providing the heating element in the magnetic head; and controlling the magnetic 
head to move over at least a portion of a surface of a magnetic disk while the heating 
element is energized so that lubricant is thermally bonded to the at least portion of the 
surface of the magnetic disk. In a related inventive aspect, a magnetic head includes a 
write head; and a heat source at an air bearing surface (ABS) of the write head which is 
operative as both a thermal-assist heat source for use in writing data to a magnetic disk 
and a lubricant bonding heat source for use in thermally bonding lubricant to a surface of 
the magnetic disk. A method associated with this related inventive aspect involves the 
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operation of a disk drive which has a magnetic head with a heat source at an air bearing 
surface (ABS). The method includes the acts of causing the disk drive to operate in a 
write mode of operation during which the magnetic head writes data to a magnetic disk 
and the heat source produces heat to assist in the writing of the data; and causing the disk 
drive to operate in a lubricant bonding mode of operation during which the magnetic head 
is moved across a surface portion of the magnetic disk to thermally bond lubricant to the 
surface portion from heat produced by the heat source. 

In yet another inventive aspect of the present application, a method for operating a 
disk drive in a lubricant bonding mode involves the acts of reading data from a data block 
of the magnetic disk; storing the data in memory; and repeatedly writing the data back to 
the data block of the magnetic disk a plurality of N times to generate heat for thermally 
bonding lubricant over the magnetic disk. A computer program product corresponding to 
this inventive aspect includes a data storage medium and computer instructions stored on 
the data storage medium which are executable by a processor of a disk drive for 
thermally bonding lubricant over at least a portion of a surface of a magnetic disk by 
reading data from a data block of the magnetic disk; storing the data in memory; and 
repeatedly writing the data back to the data block of the magnetic disk a plurality of N 
times to generate heat for thermally bonding lubricant over the magnetic disk. A disk 
drive which incorporates this inventive aspect includes a housing; a magnetic disk 
rotatably supported in the housing; a magnetic head assembly which includes a magnetic 
head; a support mounted in the housing which supports the magnetic head assembly so as 
to be in a transducing relationship with the magnetic disk; a spindle motor which rotates 
the magnetic disk; an actuator positioning device connected to the support which moves 
the magnetic head assembly to muhiple positions with respect to the magnetic disk; a 
processor connected to the magnetic head assembly and to the actuator; the processor 
being operative to exchange signals with and control the position of the magnetic head 
assembly; the processor being further operative to, during a lubricant bonding mode of 
operation: cause the magnetic head assembly to read data from a data block of the 
magnetic disk and store it into memory; and cause the magnetic head assembly to 
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rq)eatedly write the data back to the data block of the magnetic disk a plurality of N 
times to generate heat for thermally bonding lubricant over the magnetic disk. 

It is to be understood that the above is merely a description of preferred 
embodiments of the invention and that various changes, alterations, and variations may 
5 be made without departing from the true spirit and scope of the invention as set for in the 
appended claims. Few if any of the terms or phrases in the specification and claims have 
been given any special meaning different from their plain language meaning, and 
therefore the specification is not to be used to define terms m an unduly narrow sense. 

10 What is claimed is: 
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